The compositions of the essential oils from unripe (UFr) and ripe (RFr) fruits of Schinus terebinthifolius were analyzed by GC and GC/MS. The major compound identified in both oils was limonene (UFr = 44.1 ± 1.3%; RFr = 31.8 ± 1.2%), followed by -phellandrene (15.7 ± 0.4%) in the UFr oil and thujene (21.7 ± 0.9%) in the RFr oil. Repellent and toxicity activities of the two oils were also evaluated, and the results compared with eugenol. The UFr oil was more active in the fumigation tests (LC 50 = 1.46 µL/L of air), whereas the RFr oil was more active in the sealed dishes (SD) than open dishes (OD) contact assay (LC 50 = 3.04 µL/cm2) and not significantly different from eugenol. Both oils exhibited significant repellent activity comparable with that of eugenol. The results suggest that the repellent activity of these oils in association with its toxicity could be a great advantage for the integrated management of T. urticae.
Schinus terebinthifolius Raddi (Anarcadiaceae) is a medicinal plant native to different vegetal formations in the northeastern, central western, southeastern and southern regions of Brazil [1] . In the state of Pernambuco (northeastern Brazil), this plant is commonly known as aroeira and has a broad distribution in fragments of the Atlantic rainforest, especially coastal plain forests. The essential oil is used in the form of lotion, gel or soap for cleaning the skin, as an antiseptic and in the treatment of mycoses [1] . Its antimicrobial [2a-2d] , antioxidant [2a,2b,2e] cytotoxic [2e] and allelopathic [2f] properties have been demonstrated in laboratory tests. Essential oil samples from S. terebinthifolius collected from different regions and extracted from the parts of the plant most used in folk medicine (leaves and fruits), have been previously investigated and some variation in their chemical composition has been observed. Most of the leaf oil samples proved to be rich in monoterpenes, with α-pinene [3a-3c] and limonene [3d] predominant. An abundance of sesquiterpenes in the leaves has been reported in samples collected in Brazil [2d, 2f] , Zimbabwe and Egypt [2b, 4] . In the majority of oils from the fruit, the predominant chemical class has been monoterpenes, with α-pinene [5a-5c] , -phellanderene [2e, 4,5c] and -3-carene [2e,5a] as major constituents. These data indicate the existence of several chemotypes for S. terebinthifolium cultivated in different regions, which justifies the chemical study of this species occurring in fragments of the Atlantic rainforest on the coast of the state of Pernambuco, Brazil.
Tetranychus ruticae Koch, popularly known as two-spotted spider mite, is considered a major pest in the world. In Brazil, this mite has caused serious damage to irrigated plantations in the city of Petrolina (State of Pernambuco), leading to significant economic losses. The search for essential oils with acaricidal properties has intensified in recent years with the aim of discovering lead compounds to replace conventional acaricides for the control of mites of agricultural interest [6a-6c] .
As part of a systematic study of the chemical composition of essential oils and the acaricidal potential of aromatic plants that occur in the Atlantic forest of the state of Pernambuco, the aim of the present study was to describe the chemical composition of the essential oil obtained from ripe and unripe fruits of S. terebinthifolius and its repellent and toxic action against T. urticae.
The hydrodistillation process used for obtaining the oils furnished a colorless and clear yellow oil from the unripe (UFr) and ripe fruit (RFr), respectively. The best yield was observed for the RFr oil (2.8 ± 0.3% w/w). These data are different from those reported by Barbosa et al. [2f] , who found higher ripe and unripe oil contents, with similar values for both types of oil. The specific rotation values for Schinus fruit oils (UFr = +26.41 ± 0.0200°; RFr = +26.41 ± 0.02°) were lower than those obtained by Pieribattesti et al. [7] (+39.00°). This difference is a result of variations in chemical composition of the optically active substances present in the essential oils. GC and GC-MS analysis of the oils revealed a total of 41 substances, accounting for 97.0 ± 1.3 and 96.8 ± 1.0% of the chemical composition of the UFr and RFr oils, respectively ( Table  1 ). The chromatographic profile of UFr and RFr oils showed a complex mixture of components of which oxygenated monoterpenes (UFr = 86.8± 1.2% and RFr = 87.9 ±0.8%) had the highest contribution. (For chromatograms, see supplementary material, Figure S1 ). The major constituent of UFr and RFr oils were limonene (44.1±1.3% / 31.8±1.2%), followed by -phellandrene (15.7±0.4%/11.9±0.8%) and thujene (3.0±0.1%/ 21.7±0.9%). Sabinene, the third major component in RFr oil (15.8±0.3%), was not found in UFr oil. While both oils exhibited virtually the same principal components, the RFr oil had a greater diversity of chemical components, with 10 compounds found only in this oil, among which sabinene accounted for 15.8 ± 0.3% of the oil, whereas the remaining nine were present in quantities of less than 1%. The chemical profile of the S. terebintinfolius oils in the present study with a high amount of monoterpenes was very similar to that reported for samples collected in different regions of the world, except that investigated by Barbosa et al. [2f] , who reported a high percentage of sesquiterpenes in the unripe fruit oil, with -cadinol (20.60%) and -cadinene (15.48%) as major constituents,. The major constituents in the present study have also been identified in significant amounts in samples collected in other locations. Limonene and -phellandrene have been found in significant amounts in fruit collected in the state of Rio Grande do Sul (southern Brazil) [8] , as well as France [5a,5c] and the United States [5a] . Samples collected in Tunisia, Egypt and France were found to have -phellandrene (34.38, 23.4 and 36.5%, respectively) as the principal component of the fruit oil [2e, 4,5c] .
The chemical composition of the RFr oil in the present study differs both quantitatively and qualitatively from samples collected in the state of Minas Gerais (southeastern Brazil) [2f] . -3-Carene (29.22%) and ß-phellandrene (18.08%) were found in large amounts in the sample from Minas Gerais, but these monoterpenes were not found in the RFr oil in the present study. In contrast, the main component in the RFr oil, limonene (31.8 ± 1.2%), was not found in the sample from Minas Gerais. There are also variations in the percentages of some monoterpenes between the two samples. The major components of the RFr oil, -thujene (21.7 ± 0.9%) and sabinene (15.8 ± 0.3%), were found in low amounts in the sample from Minas Gerais (0.21% and 3.25%, respectively). These results indicate differences in the chemical composition of the oil from the fruit of this species occurring in different regions of Brazil. Indeed, the large percentages of limonene, -phellandrene and thujene in the present study suggest the occurrence of a different chemotype from that found for S. terebinthifolius in other regions of the country. The UFr and RFr oils from S. terebinthifolius proved toxic and strongly affected the behavior of T. urticae. Toxicity varied with the type of oil and method employed. Both oils demonstrated a potent repellent effect. Table 2 displays the lethal activity of the different types of Schinus oils in comparison with eugenol as the positive control. Probit analysis revealed that the LC 50 value for the UFr oil (1.46 µL/L of air) was 4.6-fold more toxic in the fumigation method than the RFr oil.
This finding suggests that the fumes of these oils are toxic without direct contact with the mite. Comparing these results with the positive control, the estimated LC 50 value for eugenol (0.004 µL/L of air) demonstrates that the positive control is 365-fold more potent than the UFr oil. However, the differences in toxicity between the oils and eugenol diminished drastically in the open dish (OD) and sealed dish (SD) contact tests. The LC 50 values in these tests reveal that the mites were more susceptible to the oils on the SD test, but the LC 50 values for the UFr oil did not differ significantly between the OD and SD tests. A similar result was observed with the positive control. On the SD tests, the RFr oil (3.04 µL/cm 2 ) proved nearly twofold more toxic than the UFr oil (6.03 µL/cm 2 ), whereas the LC 50 values in the OD test for these oils did not differ significantly ( Table 2 ). The RFr and UFr oils respectively exhibited lesser toxicity in the fumigation and contact tests.
However, the slope values on the concentration-mortality curves corresponding to the mortality responses of probit 7 were higher for these oils, suggesting greater uniformity in the response of the mite population to the respective concentrations of these oils (Figure 1 ). In the comparison of toxicity between the Schinus oils and the positive control in the OD contact test, eugenol proved 2.5-fold more toxic. On the SD contact test, however, the LC 50 values for eugenol (1.80 µL/cm 2 ) and the RFr oil (3.04 µL/cm 2 ) did not differ significantly. This finding indicates greater toxicity of eugenol in the fume phase than through residual action. Moreover, the toxicity observed for the RFr oil in the SD test did not stem only from its action in the fume stage, but also from the residual action of other components in the oil. The action of the oils on the behavior of T. urticae, as assessed on the repellence test, revealed that both oils exhibited strong repellent activity, with no statistically significant differences in CR 50 values between either the two oils or between the oils and the positive control.
The main constituents of the Schinus fruit oils, such as limonene, -phellandrene and sabinene, are known to possess fumigant and contact activity against stored product pests [9a] . Studies relating the structure and activity of some monoterpenes against T. urticae UFr = unripe oil; RFr = ripe oil; EU = eugenol (positive control); n = number of mites/dose; df=degrees of freedom; CI = confidence interval;  2 = chi-squared; TR = toxicity ratio, determined based on method described by Robertson and Preisler. the fume phase by penetrating the airways of the mites and/or through direct contact through the tarsus and through food intake. The strong toxicity through fumigation and contact, along with the repellent action of the UFr and RFr oils tested in this study, demonstrate the potential of Schinus oil for the development of an alternative biopesticide to synthetic acaricides for the integrated management of the two-spotted spider mite. 
Experimental

Isolation of essential oil:
The essential oils from fresh, unripe (UFr; green color) and ripe (RFr; red color) fruits (100 g) were separately isolated using a modified Clevenger-type apparatus and hydrodistillation for 2 h. The oil layers were separated and dried over anhydrous sodium sulfate, stored in hermetically sealed glass containers and kept under refrigeration at + 5º C until the acaricidal assays and analysis. Total oil yields were expressed as percentages.
Gas chromatography, gas chromatography-mass spectrometry and identification of components: Quantitative GC analyses and qualitative GC/MS and identification of the components were carried out under the experimental conditions reported earlier [6a] .
Acaricidal assay: Specimens of Tetranychus urticae were taken from a research colony in continuous culture on bean plants in the Agronomy Department of the Universidade Federal Rural de Pernambuco without previous exposure to any pesticide. The mites used for all experimental procedures were reared on Canavalia ensiformes L. plants at a temperature of 25 ± 5º C, relative humidity of 65 ± 5% and a 12-h photophase.
Fumigant assay:
The fumigant method was the same as that used by Pontes et al. [10a] . The mortality data for each Schinus oil and eugenol were analyzed with the Probit model using the POLO-PC program [11] for the determination of lethal concentration for 50% mite population mortality (LC 50 ), with 95% confidence levels determined for all assays.
Contact toxicity: Contact toxicity was assessed using the leafdipping method [10b], with modifications. Disks of organically grown pig bean leaves (C. ensiformis) were used in the assays as a support for the extracts and food for the mites. One aliquot of each oil for all concentrations in immersion solutions (50 mL) was suspended in distilled water treated with Tween-80 spreader at 0.01 mL/mg of oil. After the open-air evaporation of the solvent, the leaf disks were individually transferred to Petri dishes (diameter: 9 cm) containing a paper filter disk (8 cm) soaked in distilled water. Adult mites were placed individually on treated and control leaf disks in Petri dishes. After 24 h, mite mortality was recorded. Specimens were considered dead if the appendages did not respond after being touched with a camel hair brush. A completely randomized design was utilized, with 3 repetitions for each concentration. Mortality data obtained in these experiments were analyzed with the Probit model for LC 50 determination, with a 95% confidence level for all assays [11] .
Repellency bioassay: The repellent effect of the UFr and RFr oils was evaluated using the area preference method described by Nerio et al. [9c] , with modifications. Test areas consisted of disks of pig bean leaves (C. ensiformis) cut in half (9.81 cm 2 ). Test solutions were prepared by diluting 1 mg of Schinus oil in 1 mL ethanol. The concentrations of the UFr and RFr oils were prepared and ranged from 1.3 x 10-6 to 5 µL/cm 2 . Each concentration was uniformly applied to a half-leaf disk using a micropipette. The other half leaf was treated with ethanol alone and used as control. Treated and control disks were air-dried for 10 min to evaporate the solvent completely. Each disk was placed into a 10 cm Petri dish. Ten adult mites were released at the center of the disk and the Petri dishes were covered. The treatments were replicated 15 times. The number of mites on the control and treated areas of the disks was recorded after 2 h. To estimate the concentration that repelled 50% of the mites (RC 50 ) exposed to each oil, the number of mites on the control and treated areas was recorded and submitted to probit analysis using the POLO-PC program [11] . Repellence and toxicity ratio were determined based on the method described by Robertson and Preisler [12] .
